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CAPACITOR SWITCHING CIRCUITS FOR 
ADJUSTING CRYSTAL OSCILLATOR 

FREQUENCY 

BACKGROUND OF THE INVENTION 

This invention relates to a piezo-electric oscillator, 
and more particularly to a piezo-electric oscillator the 
frequency of which is adjusted by means of a capacitor. 

In the past, the frequency of a crystal controlled 
oscillator especially for use in ‘a wristwatch was accom 
plished by employing a laser to remove a portion of a 
thin metallic ?lm disposed on a quartz crystal vibrator. 
This method was adopted in place of an adjustment 
method using a trimmer capacitor in order to lower 
costs and make more ef?cient use of space. However, a 
number of disadvantages were encountered. Speci? 
cally, once the oscillator was set to the prescribed fre 
quency, the effects of aging, mechanical impact or sup 
porting errors would often cause the frequency to in 
crease. Restoring the frequency to the prescribed value 
using laser trimming was a dif?cult operation. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a piezo-electric oscillator which can overcome 
the shortcomings encountered in the prior art. 

It is another object of the present invention to pro 
vide a piezo-electric oscillator the frequency of which 
can be readily adjusted by facilitating the connection 
between a plurality of capacitors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects, features and advantages of 

the present invention will become more apparent from 
the following description when taken in conjunction 
with the accompanying drawings, in which: 
FIG. 1 is a wiring diagram of a prior art piezo-electric 

oscillator; 
FIG. 2 is a wiring diagram of a preferred embodiment 

of a piezo-electric oscillator according to the present 
invention; 
FIG. 3 is a wiring diagram of another preferred em~ 

bodiment of a piezo-electric oscillator according to the 
present invention; and ' 
FIG. 4 is a wiring diagram of still another preferred 

embodiment of a piezo-electric oscillator according to 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates an example of a conventional Col 
pitts crystal controlled oscillator, in which reference 
numeral 10 denotes a quartz crystal, 12 an inverting 
ampli?er connected across the quartz crystal, 14 a ca 
pacitor Cd connected to an output side of the vibrator 
10, and reference numerals 16, 18 designate capacitors 
the values Cgl, Cg; of which are related by the inequal 
ity Cg1<Cg2. Reference numeral 20 represents a quartz 
crystal input terminal, and reference numerals 22, 24 
denote terminals of capacitors 16, 18 corresponding to 
the input terminal 20. . 
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The oscillator circuit is initially operated by connect- > 
ing terminals 20 and 22 by means of a wire lead. The 
quartz crystal oscillator which is arranged so as to ini 
tially oscillate at a frequency lower than the intended 
operating frequency is irradiated by a laser beam during 
oscillation to remove a portion of the metallic ?lm on 
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the vibrator so as to raise its oscillating frequency to the 
prescribed value. Next, in a case where the oscillating 
frequency increases further due to the effects of aging 
or the like, the connection between terminals 20, 22 is 
replaced by a connection between terminals 20, 24. 
Once the frequency has dropped below the prescribed 
value, the above-mentioned laser irradiation treatment 
is once again employed to further remove the metallic 
?lm and thus restore the prescribed frequency. 
Although this arrangement allows a restoration of the 

desired frequency, bonding operations are time consum 
ing and the required bonding pads call for additional 
space. ‘ 

The present invention contemplates to greatly reduce 
labor and space requirements and make it possible to 
restore a prescribed frequency in an extremely simple 
manner. 

Referring now to FIG. 2, there is shown a preferred 
embodiment of a piezo-electric oscillator according to 
the present invention, with like parts bearing the same 
reference numerals as those used in FIG. 1. In FIG. 2, 
the piezoelectric oscillator comprises a quartz crystal 
10 having an input terminal 20 and an output terminal 
21, an inverting ampli?er 12 connected across the input 
and output terminals 20 and 21 of the quartz crystal 10. 
An output capacitor 14 is coupled to the output terminal 
21 of the quartz crystal. In the illustrated embodiment 
of FIG. 2, a ?rst input capacitor 16 is normally coupled 
to the input terminal of the quartz crystal 10, and a 
second input capacitor 18 is selectively coupled to the 
input terminal 20 of the quartz crystal 10 by means of an 
electronic switching means 30 connected therebetween. 
The electronic switching means 30 is shown as compris 
ing a transmission gate including an N-channel transis 
tor 32 and a P-channel transistor 34 connected source 
to-source at 36 and drain-to-drain at 38. The N-channel 
transistor 32 has its substrate coupled to a positive 
power supply terminal 40, and the P-channel transistor 
34 has its substrate coupled to the other or grounded 
side of the power supply as indicated at 42. Common 
source terminal 36 of the transmission gate 30 is coupled 
to the input terminal 20 of the quartz crystal 10. Com 
mon drain terminal 38 of the transmission gate 30 is 
coupled to one electrode of the second input capacitor 
18, whose another electrode is coupled to the grounded 
side of the power supply as indicated at 44. The trans 
mission gate 30 thus arranged is controlled by a change 
over means 46. The change-over means 46 is shown as 
comprising ?rst and second R-S type flip-?ops 48 and 
50. The ?rst ?ip-?op 48 has a set terminal coupled to a 
?rst control terminal 52 to which a reset terminal of the 
second flip-flop 50 is also coupled. Likewise, the second 
?ip-?op 50 has a set terminal coupled to a second con 
trol terminal 54 to which a reset terminal of the ?rst 
?ip-?op 48 is also coupled. The ?rst and second control 
terminals 52 and 54 are adapted to be supplied with an 
input pulse from any suitable means such as a pulse 
generator. Reference numerals 56 and 58 indicate resis 
tors connected to the ?rst and second control terminals 
52, 54, respectively. Output 48a of the ?rst ?ip-?op 48 
is coupled to the gate terminal of the N-channel transis 
tor 32, and output 50:: of the second ?ip-flop 50 is cou 
pled to the gate terminal of the lP-channel transistor 34. 

In operation, when an input pulse is applied solely to 
the control terminal 54, the second ?ip-?op 50 is set 
while the ?rst ?ip-?op 48 is reset. In this instance, the 
output 500 of the second ?ip-?op 50 is at l logic level 
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while the output 48a of the ?rst ?ip-?op 48 is at a 0 logic 
level. Under this circumstance, the transmission gate 30 
is in OFF state so that electrical connection between the 
input terminal 20 of the quartz crystal 10 and the second 
input capacitor 18 is interrupted and accordingly an 
operating frequency of the quartz crystal 10 is in?u 
enced only by the capacitance Cg1 of the ?rst input 
capacitor 16. Under this condition, the operating fre 
quency of the quartz crystal 10 is adjusted to a pre 
scribed value in the same manner as previously noted 
with reference to FIG. 1. During adjustment of the 
operating frequency,'if the operating frequency of the 
quartz crystal 10 is caused to shift in a positive direc 
tion, i.e., if the operating frequency exceeds beyond the 
prescribed value for some reason, the operating fre 
quency can be easily adjusted and brought down to the 
prescribed value merely by applying an input pulse to 
the ?rst control terminal 52. The application of such a 
pulse to the ?rst control terminal 52 causes the ?rst 
?ip-?op 48 to be set and causes the second ?ip-flop 50 to 
be reset. In this case, the output 48a of the ?rst ?ip-?op 
48 goes to l logic level while the output 50a of the 
second ?ip-?op 50 goes to a O logic level. Consequently, 
the transmission gate 30 is rendered to be ON so that the 
second input capacitor 18 is coupled to the input termi 
nal 20 of the quartz crystal 10. This raises the input 
capacitance from Cg] to Cgi +Cg3, thereby providing 
the desired frequency adjustment. 

It is to be noted that the application of the input pulse 
to the control terminal 16 may be readily performed 
during the construction of the oscillator without requir 
ing any special apparatus or space. If it is desired to 
install the oscillator in an electronic timepiece, discrep 
ancies in the operating frequency due to temperature 
changes can be compensated for by applying an input 
pulse from outside with the use of an external control 
member such as a push-button associated with a battery 
accommodated in the timepiece. 
FIG. 3 illustrates another preferred embodiment of a 

piezo-electric oscillator according to the present inven 
tion, with like or corresponding component parts bear 
ing the same reference numerals as those used in FIG. 2. 
The illustrated embodiment of FIG. 3 is identical to that 
of FIG. 2 except that the gate terminal Gin of the N 
channel transistor 32 is connected to the positive power 
supply terminal 60 through a resistor 62, and directly to 
the negative power supply side as indicated at 64. The 
gate terminal GE of the P-channel transistor 34 is con 
nected to the negative power supply side through a 
resistor 66, and directly to the positive side 60 of the 
power supply. In this state, the transmission gate 30 is 
maintained in an OFF state so that the second input 
capacitor 18 is uncoupled to the input terminal 20. 

In the state shown in FIG. 3, the operating frequency 
is adjusted to a prescribed value by irradiating a portion 
of a metallic ?lm on the quartz crystal 10 by a laser 
beam. If, in this case, the operating frequency exceeds 
the prescribed value, the frequency can be readjusted 
and brought down to the prescribed value merely by 
using laser trimming or other suitable means to cut the 
wire lead 64 connecting the gate terminal Gin to the 
negative side of the power supply, and the wire lead 68 
connecting the gate terminal G5 to the positive side of 
the power supply. This operation raises Gin to a l logic 
level and brings Gift to a 0 logic level, thereby turning 
the transmission gate 30 ON and thus connecting the 
second capacitor 18 to the input terminal 20. This raises 
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4 
the input capacitance from Cg1 to Cg1+Cg3, thereby 
providing the desired frequency adjustment. 
FIG. 4 shows still another preferred embodiment of 

the present invention, with like parts bearing the same 
reference numerals as those used in FIG. 2. In this illus 
trated embodiment, the ?rst and second capacitors 16 
and 18 are selectively coupled to the input terminal 20 
of the quartz crystal 10. To this end, a ?rst switching 
means composed of a transmission gate 72 is connected 
between the input terminal 20 of the quartz crystal 10 
and the ?rst capacitor 16, while a second switching 
means composed of a transmission gate 70 is connected 
between the input terminal 20 of the quartz crystal 10 
and the second capacitor 18. The transmission gates 70 
and 72 are controlled by a change-over means com 
posed of an S-R type ?ip-?op 74. The ?ip-?op 74 has its 
Q output coupled to a ?rst control gate terminal 70a of 
the second transmission gate 70 and a second control 
gate terminal 72b of the ?rst transmission gate 72. A 
second control gate terminal 70b of the second transmis 
sion gate 70 and a ?rst control gate terminal 72a of the 
?rst transmission gate 72 are connected together and 
also connected to the (-2 output of the ?ip-?op 74. When 
the ?ip-?op 74 is in a reset condition, the Q output of 
the ?ip-?op is at a 0 logic level and the 6 output is at a 
l logic level. In this case, the ?rst transmission gate 72 
is conductive while the second transmission gate 70 is 
nonconductive. Therefore, only the ?rst capacitance 16 
is coupled to the input terminal 20 of the quartz crystal 
10 and, thus, the input capacitance is Cg1. Under this 
condition, the frequency adjustment of the quartz crys 
tal 10 is performed in a similar manner as previously 
mentioned. If, in this instance, the output frequency of 
the quartz crystal 10 exceeds beyond a prescribed value, 
re-adjustment of the output frequency of the quartz 
crystal 10 can be made by actuating the ?ip-?op 74. To 
this end, the set terminal S of the ?ip-?op 74 is applied 
with an input pulse so that the ?ip-?op 74 is set. Ac 
cordingly, the Q output of the ?ip-?op 74 goes to a l 
logic level while the 6 output goes to a 0 logic level. In 
this case, the transmission gate 70 is rendered conduc 
tive and the transmission gate 72 is rendered noncon 
ductive. Under this circumstance, only the second ca 
pacitor 18 is coupled to the input terminal 20 of the 
quartz crystal 10 and the input capacitance Cg; is 
greater than the input capacitance Cgl so that the out 
put frequency of the quartz crystal 10 is brought down 
to the prescribed value. 

In illustrated embodiments illustrated in FIGS. 2, 3 
and 4, only two capacitors are provided on the input 
side of the quartz crystal; however, it should be under 
stood that the present invention is not limited to this 
arrangement. More than two capacitors may be pro 
vided on the input side of the quartz crystal and selec 
tively coupled thereto. 
While the input capacitors have been shown and 

described as being solely connected to the input termi 
nal of the quartz crystal, it should be noted that selected 
ones of a plurality of capacitors may be connected in 
series with the input terminal of the quartz crystal. 
What is claimed is: 
1. A piezo-electric oscillator comprising: 
a quartz crystal having input and output terminals; 
an inverting ampli?er connected across the input and 

output terminals of said quartz crystal; 
a ?rst capacitor normally connected to the input 

terminal of said quartz crystal; 
a second capacitor; and 
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electronic switching means connected between said 
input terminal of said quartz crystal and said sec 
ond capacitor for controlling connection of said 
second capacitor relative to the input terminal of 
said quartz crystal for thereby adjusting an operat 
ing frequency of said quartz crystal to a prescribed 
value, said electronic switching means comprising 
a transmission gate having ?rst and second control 
gate terminals, a ?rst resistor, said ?rst control gate 
terminal of said transmission gate being connected 
to the positive side of a power supply through said 
?rst resistor, a second resistor, said second control 
gate terminal of said transmission gate being con 
nected to the negative side of said power supply 
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6 
through said second resistor, a ?rst lead connecting 
said ?rst control gate terminal directly to the nega 
tive side of said power supply, a second lead con 
necting said second control gate terminal directly 
to the positive side of said power supply, whereby 
said transmission gate is nonconductive to interrupt 
connection between the input terminal of said 
quartz crystal and said second capacitor, and said 
?rst and second leads being cut by a laser trimming 
to allow said transmission gate to turn on for 
thereby connecting said second capacitor to the 
input terminal of said quartz crystal to adjust the 
operating frequency thereof. 
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